Typing of meningococci with a panel of serotype and subtype specific monoclonal antibodies (MAbs) was compared in co-agglutination, dot-blotting and ELISA tests. Twenty reference strains, 50 case isolates and 133 throat isolates from healthy carriers were studied. The typing results with dot-blotting and ELISA were identical, whereas co-agglutination gave different results for three case and 24 carrier strains. The distribution of serotypes and subtypes among the strains is reported. The combination of the subtypes P1.l and P1.15 in a serotype 15 patient strain was observed. With one case strain and 15 carrier strains, neither serotype nor subtype could be determined. Non-typable and non-subtypable isolates were further characterised by sodium dodecyl sulphate-polyacrylamide gel electrophoresis. Coagglutination is useful for typing small numbers of strains with a few MAbs, but less suitable for large-scale typing than the other two methods. Dot-blotting needs less expensive equipment, smaller volumes of antibodies and fewer manipulations than ELISA.
Introduction
Neisseria meningitidis is one of the main causes of bacterial meningitis throughout the world. Meningococci are classified into serogroups based on the immunological specificity of the capsular polysaccharides 1-3 and further subdivided into serotypes and subtypes as reviewed by Frasch et alm4 The serotype specificity resides on the outer membrane porin proteins, being either a class 2 or 3 protein; the subtype specificity is based on antigenic differences in the class 1 outer membrane protein.
Serotyping of meningococci has become important in the characterisation of patient and carrier strains. Monoclonal antibodies (MAbs) have provided more specific methods than those relying on polyclonal sera.' Several techniques in which MAbs are used for serotyping have been reported, e.g., coagglutination, dot-blotting , ' filter radio-immunoassay,8 whole-cell ELISA9 and latex agglutination. l o The aim of this investigation was to compare three of these methods, co-agglutination, dotblotting and ELISA, for serotyping and subtyping of case and carrier isolates with a panel of MAbs and to ascertain the preferred method for routine analyses. The strains studied were the reference strains described by Frasch et aL4 and recent 
Monoclonal antibodies
MAbs with specificities against serotypes 2a (1-1 -P2a), (3-1-P15), 21 (14-1-P21) and subtypes P1.l (9-1-Pl.l), (3-1-P1. 16 ) and against a common epitope on class 1 proteins (9-1-P1C) were supplied by Dr W. D. Zollinger. MAbs against serotypes 1 (MN3 C6B), 5 (MN2 B3H), 6 (MN1 B4C), 9 (MN5 ClOD), 14 (MN5 C8C) and subtype P1.9 (MN5 AlOF) were received from Dr J. T. Poolman 
Co-agg lu t ina t ion test
Co-agglutination was performed by a modification of the method described by Fr0holm et aL6 Bacteria, grown overnight on Kellogg's agar plates, were harvested in 5 ml of phosphate-buffered saline (PBS) and inactivated in a boiling water bath for 20 min. After centrifugation, the pellet was washed once in merthiolate 0.01% in PBS, resuspended in 2 ml of the same solution and stored at 4°C. The co-agglutination reagent was made by mixing 1 ml of Pansorbin (Calbiochem Corporation, La Jolla, CA, USA) with 0.1 ml of the MAb, and the test was performed as previously described.6
ELISA
The whole-cell ELISA procedure of Abdillahi and Poolman' was used with minor modifications. Strains were grown overnight on Kellogg's agar plates. Cells were suspended in PBS with sodium azide 0.02% and heat inactivated at 56°C for 30 min. The absorbance of the suspensions was adjusted to an optical density of about 0-1 at 650 nm (c. 1 x lo8 cfulml) and stored at 4°C. Antigen-coated microtitration plates, prepared by evaporation of the whole-cell suspensions (100 pl/well) overnight at 33"C, were washed with Tween 80 0.05% in distilled water and incubated with MAbs for 1 h at 33°C. Antibody binding was detected after incubation at 33°C for 90 min with alkaline phosphatase-linked anti-mouse Ig (1 in 1000) (Sigma Chemicals). The substrate waspnitrophenyl phosphate (1 mg/ml) in 0.5 M diethanolamine buffer, pH 9.8. Absorbance was read at 405 nm after 25-45 min in a Dynatech Microplate Reader. Optimal concentrations of antigens and MAbs were determined by chessboard titrations. The dilutions of MAbs used in ELISA ranged from 1 in 500 to 1 in 32 000.
Dot-blotting
Dot-blots were incubated with the primary and secondary antibodies as previously described. ' Briefly, whole-cell suspensions (2 pl), as used in the ELISA, were dotted 1 cm apart on nitrocellulose (Bio-Rad Laboratories; 0.45-pm pore size) strips (0.5 x 10 cm). After drying for 30 rnin at room temperature, strips were transferred to Accutran 8-well incubation trays (Schleicher & Schuell GmbH, Dassel, West Germany) and blocked for 30 min in bovine serum albumin 3% in PBS. Up to five strips, dotted with 49 test strains plus one reference strain, could be incubated in one well with 2 ml of blocking buffer, care being taken that the strips were thoroughly wetted with buffer. MAbs were pipetted directly into the blocking buffer, at dilutions ranging from 1 in 10 000 to 1 in 60 000, except for anti-P1.Ham which was diluted 1 in 2000. After overnight incubation, strips were washed separately in their wells four times with PBS, collected in one box for two final washings, and then incubated for 2 h with rabbit anti-mouse Ig conjugated to peroxidase (1 in 2000) (Dakopatts a/s, Denmark). Strips were photographed with a green filter and stored in plastic covers. 
SDS-PAGE and irnmunoblotting
SDS-PAGE was performed in polyacrylamide 12% mini-gels (7 x 8 cm; thickness 0.75 mm) as described by Laemmli. l4 Whole-cell suspensions (70 pl), as used in dot-blotting and ELISA, were boiled for 5 min with sample buffer (40 pl) containing 2-mercaptoethanol' and 15-pl samples were transferred into wells formed by a 15-tooth comb (Bio-Rad Laboratories). The gels were stained with Coomassie Brilliant Blue. Outer membrane preparations from N. meningitidis strains M986 (2a: P1.2) and 44/76 (1 5 : P1.16) served as markers for the class 1'2 and 3 proteins of decreasing molecular weight^.^ Immunoblotting was performed as previously described. ' 3 9 '
Results

Meningococcal reference strains
Reaction patterns of the MAbs with the reference strains were studied by all methods. The serotype and subtype results were expressed according to the identification system described by Frasch et a1.: in which each strain is characterised by a serotype number followed by the class 1 protein (PI) subtype (table I) . Dot-blots of nine reference strains with 13 MAbs are shown in fig. 1 . The dot-blotting and ELISA methods gave reproducible results, and positive strains were clearly distinguished from negative strains. Except for the distinct serotype-4 reaction of the serotype-21 reference strain (ATCC 13077) in ELISA, which was negligible on dot-blots (table I and fig. l) , identical results were obtained with the two methods. Only weak cross-reactions were observed. In both procedures, the serotype-6 reference strain (M990) showed a weak serotype-1 reaction and the serotype-9 MAb a moderate binding to its reference strain with a noticeable background (table I and fig. 1 ). The serotype-6 MAb also produced similar background staining in ELISA, whereas on dot-blots the serotype-1 1 strain (MI 36) cross-reacted weakly with the serotype-1 MAb. Low dilutions of the subtype-specific MAbs caused some cross-reactions on dot-blots. These reactions became negligible or disappeared when higher dilutions (1 in 30 000 to 1 in 40 000) were used and when care was taken not to transfer the MAb solutions between the wells during the first washing step.
Four of the prototype strains carried the serotype-8 epitope (126E, M978,1901 and 6940) and two the serotype-2c epitope (2396 and 35E). The MAb raised against subtype P1 .Ham reacted on dot-blots with four of the five strains of subtype PI. 1.
Three reference strains, M98 1 (4 : -), M 136 (1 1 : -), and ATCC 13077 (21 : -), did not show a class 1 protein in SDS-PAGE gels or bind with the MAb raised against a common class 1 protein determinant (9-1 -P 1 C). In addition, the serotype-15 strain (H355) did not react with this MAb, although it did bind the subtype P1.15-specific MAb (2-1-P1.15).
Co-agglutination tests with the reference strains, which were performed only with MAbs against Fig. 1 . Dot-blots of whole-cell suspensions of nine meningococcal reference strains incubated with various serotype-specific and subtype-specific MAbs. 
Case isolates
Identical results for the serotypes and subtypes of the strains from patients with meningococcal disease were found with dot-blotting and ELISA ( fig. 2) .
All six of the non-subtypable serotype-15 strains reacted with the MAb against a common class 1 protein epitope (9-1-P1C) and showed a class 1 protein in SDS gels. However, three of the other four non-subtypable case strains did not bind MAb 9-1-P1C and only one of these showed a class 1 protein in gels. Class 2 proteins were demonstrated in two of the four non-typable strains by SDS-PAGE and the lower molecular weight class 3 proteins in the other two strains.
Carrier isolates
The serotypes and subtypes of the carrier strains were identical in dot-blotting and ELISA (table  111) ; 71% were serotypable, 61% subtypable and only 11% could be assigned to neither serotype nor subtype. The commonest serotypes were 4 (22%), 14 (16%), 8, 15 and 21 (8% each) and 1 and 2a (5% each). The distribution of the subtypes was P1.15 (19%), P1.2 (16%), P1.3 (13%), P1.16(8%) and P1.l (5%). Subtype P1.9 and serotypes 2b, 2c, 5,6,9 and 
Discussion
Three methods for typing meningococci-coagglutination, dot-blotting and ELISA-were compared in tests with a panel of MAbs specific for Gels different serotypes and subtypes. Reference, case and carrier strains were studied. The serogroups and multilocus enzyme genotypes of the case and carrier strains will be reported separately. The specificities of the serotype and subtype MAbs were investigated by testing the reference strains by all methods. Classification of the reference strains into serotypes and subtypes was identical with the three techniques except for one strain. Dot-blotting and ELISA gave the same typing results for the case and carrier strains, but co-agglutination showed different results for 6% of the case isolates and 18% of the carrier strains. The main differences were that all serotype 8 carrier strains were judged to be either serotype 4 or non-typable in co-agglutination, and that nearly a third of the P1.3 subtype carrier strains were non-subtypable by co-agglutination. Co-agglutination deviated less from the two other methods in typing of the systemic strains. Concordant typing results of patient strains by ELISA and co-agglutination were observed by Kayhty et al.
All the methods were reproducible, but the distinction between positive and negative results with test strains was clearer in dot-blotting and ELISA. These two techniques also produce a permanent record of the results, either as stained dots or absorbance values; the latter may be more convenient. Co-agglutination is suitable for typing meningococci with a small panel of MAbs, but is less convenient for large-scale screening when many In comparison with other recent carrier studies, in which co-agglutination was used for typing,' 9 y 20-2' a larger proportion of the carrier strains was typable. This is mainly explained by inclusion in the MAb panel of MAbs against serotypes 4, 8 and 14, which together constituted 46% of the carrier serotypes. In contrast to the carrier studies, serotypes 1 and 14 and subtype P1.3 were not found among the case strains. Only 2% of the case isolates and 11% of the carrier isolates had neither serotype nor subtype. Serotypes 2b, 2c, 5, 6, 9 and 11 and subtype P1.9 were not found amongst either case or carrier isolates. However, the distribution of serotypes and subtypes is known to show geographical variations. The P1.9 subtype was demonstrated in 28% of Danish strains from systemic infections, but was absent or rare in strains isolated in 18 other countries. 22 A survey of 21 5 case and carrier isolates by Poolman et aZ. 23 showed no serotype-9 strains and only two serotype-6 and four serotype-11 strains.
One case strain (185/87) reacted with MAbs against both serotypes PI. 1 and P 1.15. Experiments indicated that the two epitopes were present on the same class 1 protein ( fig. 2) Valuable information was obtained by SDS-PAGE of the whole-cell meningococcal suspensions used as antigens in ELISA and dot-blotting. Compared with our and others4 experiences with gel electrophoretic patterns of outer membrane complexes, SDS-PAGE of whole-cell suspensions showed less class 5 proteins, a distinct band of molecular weight about 50 000 above the class 1 proteins, and several weak higher molecular weight bands ( fig. 2) . The absence of class 1 proteins after gel electrophoresis of whole-cell suspensions of serotypes-4, -11 and -21 reference strains was in accordance with previous observations on isolated outer membrane vesicles,' 7 9 23q 28 further indicating that purification of outer membrane vesicles was unnecessary for electrophoresis. SDS-PAGE analyses of the carrier strains without serotypes and subtypes showed that the majority had class 2 proteins. The cell suspensions were also suitable as antigens in immunoblotting ( fig. 2) .
The MAb 9-1-P1C, directed against a common epitope on class 1 proteins (PlC), did not bind to any of the P1.15 subtype case and carrier strains, indicating that the P1C epitope was probably not present on this subtype protein. The other 14 case and carrier isolates that did not react with anti-P1 C were all non-subtypable, and the majority were also non-typable with the MAbs used. In SDS-PAGE only five of these strains showed a class 1 protein. Therefore, except for strains of subtype P 1.15, the binding of anti-PlC to a meningococcal strain generally indicated the possesion of a class 1 protein. Five of the prototype strains M990, S-3446, 6557,1901 and 6940 (table I) did not react with any subtype MAb, but bound anti-P1C and showed a class 1 protein in SDS-gels. The presence of a new
